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(57) ABSTRACT

Provided 1s an angular velocity sensor including: a reference
vibrator supported so as to generate reciprocating rotational
vibration about a first rotation axis as a center; a detection
vibrator supported by the reference vibrator so as to generate
reciprocating rotational vibration about a second rotation
axi1s, which 1s different from the first rotation axis, as a center;
a reference vibration generating unit for allowing the refer-
ence vibrator to generate reciprocating rotational vibration;
and a detection unit for detecting a displacement amount of
the detection vibrator with respect to the reference vibrator,
which 1s in association with the reciprocating rotational
vibration of the detection vibrator.

13 Claims, 8 Drawing Sheets
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1
ANGULAR VELOCITY SENSOR

TECHNICAL FIELD

The present invention relates to a sensor for detecting an
angular velocity.

BACKGROUND ART

Up to now, a vibration type angular velocity sensor using
micro-electro-mechanical systems (MEMS) has been pro-
posed. The vibration type angular velocity sensor employs a
system 1n which a Corniolis force (also referred to as “detlect-
ing force”; hereinafter, referred to as “Coriolis force™) gen-
erated when an angular velocity, which 1s an object to be
detected, 1s 1nput to the sensor from an outside, 1s detected as
a displacement of vibration of a vibrator, while the vibrator 1s
allowed to generate reference vibration with a predetermined
amplitude. A direction of the Coriolis force 1s determined by
a direction of the reference vibration and by a direction of the
angular velocity. Accordingly, 1t 1s necessary that the vibrator
have a structure in which the vibrator can easily generate
vibration in the direction of the reference vibration and also in
the direction of the Coriolis force (detecting direction). For
this reason, there has been proposed a so-called double frame
system 1n which a vibrator for reference vibration (reference
vibration) and a vibrator for detection (detection vibrator) are
separately provided.

Japanese Patent No. 3,336,730 discloses a structure, as one
mode of the angular velocity sensor of the double frame
system, 1n which the detection vibrator i1s supported by the
reference vibrator, and a detection unit for detecting a relative
displacement between the reference vibrator and the detec-
tion vibrator 1s provided. Accordingly, such a problem 1s
alleviated that a component of the vibration of the reference
vibrator which 1s generated 1n the detecting direction 1s super-
imposed with a detection signal of the detection unait.

Further, U.S. Pat. No. 6,374,672 discloses a structure 1n
which an 1nclination of the detection vibrator corresponding,
to the angular velocity 1s detected by allowing a doughnut-
type reference vibrator, which supports the disc-like detec-
tion vibrator, to generate reciprocating rotational vibration.
As a result, such a problem 1s alleviated that degradation of
the accuracy of the detection signal which 1s caused by the
vibration of the detection vibrator due to the vibration of the
reference vibrator.

In the vibration type angular velocity sensor, a displace-
ment amount of the detection vibrator for detecting the angu-
lar velocity 1s generally only about one of many hundreds to
one ol many thousands of a displacement amount of the
reference vibration of the reference vibrator. For this reason,
it 1s necessary to detect a small motion of the detection vibra-
tor 1n a large motion of the reference vibrator. Accordingly,
when a noise component (e.g., vibration caused 1n a direction
different from the direction of the reference vibration) of the
vibration 1s generated by the reference vibration, the noise
component 1s detected by the detection unit. In a case where
the angular velocity detection 1s performed with high accu-
racy, the noise component may be a major factor of degrada-
tion of the accuracy 1n detection of the angular velocity.

In general, the reference vibrator has asymmetric proper-
ties caused by an error of a processing accuracy 1n a manu-
facturing process, with respect to a structure of the reference
vibrator, a structure of a member for supporting the reference
vibrator, a drive force applied by a drive unit of the reference
vibrator, and the like. For this reason, the reference vibrator
generates vibration with a wobbling component 1n a direction
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other than a predetermined direction of the reference vibra-
tion. The same 1s applied to the angular velocity sensor of the
double frame system.

Causes of the noise generated by the reference vibration
can be roughly classified into the following two causes. That
1s: (1) vibration itself of the reference vibration i1s detected as
a detection signal 1n error by the detection unit; (2) vibration
of the detection vibrator excited by the reference vibration
(for example, also when an angular velocity m 1s not input) 1s
detected as a detection signal 1n error by the detection unit.

The above-mentioned causes are described with reference
to the drawings with respect to the angular velocity sensor
according to the above-mentioned cited references. In the
angular velocity sensor disclosed 1in Japanese Patent No.

3,336,730, as1illustrated in FIGS. 7B and 7C, a vibrating body

10 for reference and a vibrating body 16 for detection are
separately provided, and the angular velocity 1s detected by a
detection unit 15 based on a change of a relative position
between the vibrating body 10 for reference and the vibrating
body 16 for detection. Note that, FIG. 7C 1s a cross-sectional
view taken along the line 7C-7C of FIG. 7B. In the structure,
even when the vibrating body 10 for reference generates
vibration in a direction (for example, an X-axis direction of
FIG. 7B) different from a desired direction, the detection unit
15 detects the relative position between the vibrating body for
reference and the vibrating body for detection. Accordingly,
the noise 1s hardly generated 1n the detection signal. In other
words, the noise due to the above-mentioned cause (1) can be
reduced.

However, 1in order to detect the Coriolis force correspond-
ing to the angular velocity, the vibrating body 16 for detection
1s supported by a structure in which the vibration toward the
detecting direction (X-axis direction of FIG. 7B) 1s easily
generated. Accordingly, when the reference vibration with a
direction of linear reciprocating vibration in plane with the
detecting direction has a component of the linear reciprocat-
ing vibration toward the detecting direction, small vibration
(noise component of vibration) may be generated in the
vibrating body for detection even 1n a case where the angular
velocity 1s not input. As a result, 1n a case where the angular
velocity 1s detected with high accuracy, the small noise gen-
crated 1n the detection signal by the above-mentioned cause

(2) may degrade the detection accuracy.

The angular velocity sensor disclosed i U.S. Pat. No.
6,374,672, as 1llustrated 1n FIG. 7A, has a structure 1n which
a reference vibrator 76 has a rotation axis perpendicular to a
substrate 68, and a detection vibrator 70 has rotation axes 72
and 74 parallel to the substrate 68, thereby performing a
reciprocating rotational motion about each of rotation axes as
a center. In the structure, the reference vibrator and the detec-
tion vibrator perform the reciprocating rotational motion
about the difference rotation axes. Accordingly, the vibration
of the noise component of the detection vibrator 70 1s hardly
transmitted, thereby making 1t difficult to generate the vibra-
tion of the noise component of the detection vibrator 70. For
this reason, as compared with the structure disclosed in Japa-
nese Patent No. 3,336,730, an effect of the reference vibration
on the detection vibrator can be reduced to a large extent. In
other words, the noise due to the above-mentioned cause (2)
can be reduced.

On the other hand, the detection unit detects an electro-
static capacity between a pair of semicircular detection elec-
trodes (not shown), which are provided on a side of a substrate
(bonded to the substrate 68) fixed to the both vibrators, and
the detection vibrator 70 opposing to the pair of electrodes.
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By the semicircular detection electrodes, a positional rela-
tionship between the fixed substrate and the detection vibra-
tor 70 can be detected.

However, 1n a case where the reference vibrator 76 gener-
ates reciprocating rotational vibration deviating from the
rotation axis, or 1n a case where the reference vibrator 76 has
a motion component with inclination with respect to the fixed
substrate, even when the detection vibrator 70 1s not oscil-
lated, a relationship between opposing areas of the reference
vibrator 76 and the pair of semicircular detection electrodes 1s
changed. For this reason, by the above-mentioned cause (1),
the small noise may be generated in the detection signal.
Thus, when the angular velocity 1s detected with high accu-
racy, the small noise due to the above-mentioned cause (1)
may degrade the detection accuracy.

In addition, In the angular velocity sensor disclosed in U.S.
Pat. No. 6,374,672, the rotation axes 72 and 74 are deviated
by the reference vibration of the reference vibrator 76. Spe-
cifically, 1n a case of detecting the inclination corresponding
to the angular velocity with respect to the fixed substrate of
the reference vibrator 70, the rotation axis of the detection
vibrator 70 1s deviated from a parallel line which separates the
pair of semicircular detection electrodes provided on the fixed
substrate side. Accordingly, to be exact, the wobbling com-
ponent of the reference vibrator 76 may be mixed in the
inclination component of the detection vibrator 70 which 1s
detected by the detection unit. This may become a cause of
degradation of the detection accuracy 1n the case where the
angular velocity 1s detected with high accuracy (one reason
tor the above-mentioned cause (1)).

DISCLOSURE OF THE INVENTION

In view of the above-mentioned problems, according to the
present invention, there 1s provided an angular velocity sensor
including: a reference vibrator supported so as to generate
reciprocating rotational vibration about a first rotation axis as
a center; a detection vibrator supported by the reference
vibrator so as to generate reciprocating rotational vibration
about a second rotation axis, which i1s different from the first
rotation axis, as a center; areference vibration generating unit
for allowing the reference vibrator to generate reciprocating
rotational vibration; and a detection unit for detecting a dis-
placement amount of the detection vibrator with respect to the
reference vibrator, which 1s 1n association with the recipro-
cating rotational vibration of the detection vibrator.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are exploded perspective views for 1llus-
trating an angular velocity sensor according to Example 1 of
the present invention.

FIGS. 2A, 2B, and 2C are exploded perspective views for
illustrating an angular velocity sensor according to Example
2 of the present invention.

FIGS. 3A and 3B are exploded perspective views for 1llus-
trating an angular velocity sensor according to Example 3 of
the present invention.

FIGS. 4A, 4B, and 4C are exploded perspective views for
illustrating an angular velocity sensor according to Example
4 of the present invention.

FIGS. 5A and 5B are exploded perspective views for 1llus-
trating an angular velocity sensor according to Example 5 of
the present invention.
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FIG. 6 1s a cross-sectional view for 1llustrating a cross-
section of a support member of a detection vibrator according
to Example 5 of the present invention.

FIGS. 7A, 7B, and 7C are views for illustrating a conven-
tional angular velocity sensor.

FIGS. 8A and 8B are views for illustrating an angular
velocity sensor according to an example embodiment.

BEST MODES FOR CARRYING OUT THE
INVENTION

An embodiment of the present invention will be described.
An angular velocity sensor according to an embodiment of
the present invention includes a reference vibrator, a detec-
tion vibrator, a reference vibration generating unit, and a
detection unit that are described below. The reference vibrator
1s supported by a support substrate so as to generate recipro-
cating rotational vibration about a first rotation axis as a
center. The detection vibrator 1s supported by the reference
vibrator so as to generate reciprocating rotational vibration
such that, for example, the detection vibrator rotates about a
second rotation axis orthogonal to the first rotation axis, by a
Corolis force generated corresponding to reciprocating rota-
tional vibration of the reference vibrator and an angular
velocity input from an outside. The reference vibration gen-
crating unit allows the reference vibrator to generate recipro-
cating rotational vibration by, for example, an electrostatic
force about the first rotation axis as a center. The detection
unit detects a relative position between the reference vibrator
and the detection vibrator by, for example, an electrostatic
capacity therebetween, and detects the Coriolis force corre-
sponding to a magnitude of the rotation of the detection
vibrator about the second rotation axis as a center, thereby
detecting the angular velocity.

The reference vibrator serving as a member for holding the
detection vibrator 1s formed of, for example, silicon. The
support substrate serving as a member for holding the refer-
ence vibrator from the outside of an outer edge thereof may be
also formed of, for example, silicon.

A principle for solving the above-mentioned problems of
the angular velocity sensor according to the present invention
including this embodiment 1s described as follows. In order to
provide the angular velocity sensor 1n which noise generated
in a detection signal 1s reduced by the reference vibration, the
inventors have focused on (1) vibration directions of the
reference vibrator and the detection vibrator” and “(2) the
detection unit for detecting vibration of the detection vibra-
tor”. According to the present mvention, 1t 1s assumed that
“(1) vibration directions of the reference vibrator and the
detection vibrator” are determined by reciprocating rotational
vibration about each rotation axis thereof as a center, and *“(2)
the detection unit for detecting the vibration of the detection
vibrator’” 1s a unit for detecting the relative position between
the reference vibrator and the detection vibrator. As a result,
the vibrators each perform a reciprocating rotational motion
about a different rotation axis, so a vibrational component of
the reference vibrator 1s hardly transmitted to the detection
vibrator, and thus the above-mentioned cause (2) can be over-
come. In addition, in the detection unit for detecting the
relative position between the reference vibrator and the detec-
tion vibrator, the detection unit 1s also displaced according to
the wobbling component, so a reciprocating vibrational com-
ponent or a vibrational wobbling component of the reference
vibrator 1s hardly detected, and thus the above-mentioned
cause (1) can be overcome.
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Hereinaiter, examples of the present mvention will be
described with reference to the drawings.

EXAMPLE 1

FIGS. 1A and 1B are exploded perspective views for 1llus-
trating an angular velocity sensor according to Example 1 of
the present invention. As illustrated in FIGS. 1A and 1B, the
angular velocity sensor includes a support substrate 1, a ret-
erence vibrator 2, a support member 3 for supporting the
reference vibrator 2, a detection vibrator 4, a support member
5 for supporting the detection vibrator 4, a drive unit 6 (ret-
erence vibration generating unit) for driving the reference
vibrator 2, and a detection unit 7 for detecting vibration of the
detection vibrator 4.

In this example, as illustrated 1n FIGS. 1A and 1B, the
angular velocity sensor includes the reference vibrator 2
formed of two separate members. The angular velocity sensor
of this example can be produced by bonding the portion of the
reference vibrator 2 illustrated 1n FIG. 1B to a lower portion
of the reference vibrator 2 illustrated 1n FIG. 1A.

The annular reference vibrator 2 1s supported by the sub-
strate 1 with the support member 3 having four portions
formed at equal angle intervals about a rotation axis A. The
axis A 1s a first rotation axis which is perpendicular to the
disc-like detection vibrator 4 when the detection vibrator 1s
placed at a neutral position where no force 1s applied to the
detection vibrator. The reference vibrator 2 can generate
reciprocating rotational vibration in a direction indicated by
an arrow C about the first rotation axis A as a center, while
being supported by the support member 3.

The detection vibrator 4 1s supported by the reference
vibrator 2 with the support member 5 which has two portions
extending along a predetermined straight line (axis B). The
axis B 1s a second rotation axis which 1s 1n parallel with the
substrate 1 and orthogonal to the axis A. The detection vibra-
tor 3 has a structure capable of generating reciprocating rota-
tional vibration 1n a direction indicated by an arrow D about
the second rotation axis B as a center, while being supported
by the support member 5 which serves as a spring.

The drive unit 6 allows the reference vibration 2 to generate
reciprocating rotational wvibration (reference vibration)
toward the direction of the arrow C about the first rotation axis
A as a center. During a detecting operation of the sensor,
predetermined reference vibration 1s constantly generated. As
a result, in a case where an angular velocity o having an
angular velocity component about an axis E, which is
orthogonal to the axis A and the axis B, as a center, 1s input to
the sensor, in the detection vibrator 4, the Coriolis force
corresponding to the reference vibration and the magnitude of
the angular velocity component of the angular velocity o 1s
generated 1n the direction of the arrow D. By the Coriolis
force, the detection vibrator 4 generates reciprocating rota-
tional vibration toward the direction of the arrow D about the
second rotation axis B as a center.

The detection unit 7 detects the relative position between
the reference vibrator 2 and the detection vibrator 4, thereby
measuring the displacement of the vibration of the detection
vibrator 4. From the magnmitude of the vibration displacement
thus measured, the magnitude of the angular velocity com-
ponent about the axis E as a center 1s detected with respect to
the mput angular velocity w. Specifically, the detection unit 7
1s a unit for measuring an electrostatic capacity between the
detection electrode 7 having two separate portions provided
on a portion of the reference vibrator 2 1llustrated in FIG. 1B,
and the detection electrode 7 (indicated by the broken line 1n
FIG. 1A) provided on a back surface of the detection vibrator

10

15

20

25

30

35

40

45

50

55

60

65

6

4. The detection electrode 7 has a flat-plate portion which 1s to
be positioned on the reference vibrator 2, so the detection
clectrode 7 can be easily formed. A plane corresponding to
the portion of the reference vibrator 2 on which the detection
clectrodes 7 of F1G. 1B are formed, 1s 1n parallel with a plane
corresponding to the detection vibrator 4 on which the detec-
tion electrode 7 1s formed, with a certain gap, when the
angular velocity w 1s not input. In this case, when the annular
peripheral portion corresponding to the portion of the refer-
ence vibrator 2 illustrated in F1G. 1B becomes higher than the
central portion and serves as a spacer, thereby obtaiming the
gap. The detection electrode 7 provided on the reference
vibrator 2 illustrated 1n FIG. 1B 1s disposed on the plane
corresponding to the portion of the reference vibrator 2
opposing to the detection vibrator 4, and 1s separated 1n two
with a semicircular shape by the straight line P which 1s 1n
parallel with the axis B.

An operation of the angular velocity sensor according to
this example will be described. Here, considered 1s a case
where the reference vibration 1s generated 1n a reciprocating
rotational vibration direction C about the first rotation axis A
as a center. The detection vibrator 4 1s supported by the
reference vibrator 2 with the support member 5, so recipro-
cating rotational vibration 1n the direction indicated by the
arrow D about the second rotation axis B as a center 1s most
liable to be generated, and vibration 1n the other directions 1s
not hardly generated. For this reason, the detection vibrator 4
generates reciprocating rotational vibration 1n the direction C
about the first axis A as a center, along with the motion of the
reference vibrator 2. Accordingly, the relative relationship
between the detection vibrator 4 and the reference vibrator 2
1s not changed. Similarly, the positional relationship between
the second rotation axis B and the central line F of the detec-
tion electrode 7 1s also fixed, which maintains a parallel
relationship therebetween.

In this state, a case where the angular velocity w 1s mput to
the sensor 1s considered. According to the generated Coriolis
force, about the second rotation axis B as a center, the detec-
tion vibrator 4 generates reciprocating rotational vibration in
the direction of the arrow D. Here, the rotation axis A and the
rotation axis B are orthogonal to each other, so the vibration
due to the Coriolis force 1s generated more elliciently about
the rotation axis B. In this case, the positional relationship
between the rotation axis B and the central line F of the
detection electrode 7 1s fixed, so the change 1n electrostatic
capacity between the detection electrode 7 formed on the
portion of the reference vibrator 2 and the detection electrode
7 formed on the detection vibrator 4 can be represented as a
function of only an angle of inclination of the detection vibra-
tor 4 about the second rotation axis B as a center. Specifically,
the detection unit 7 can detect, with accuracy, the magmitude
of the reciprocating rotational vibration 1n the direction of the
arrow D which 1s generated by the detection vibrator 4 about
the second rotation axis as a center, without being affected by
the reference vibration. In other words, a displacement
amount of the detection vibrator with respect to the reference
vibrator can be obtained. As aresult, the Coriolis force and the
angular velocity can be detected with high accuracy, thereby
realizing an angular velocity sensor capable of detecting the
angular velocity with high accuracy.

Further, the magnitude of the generated Coriolis force cor-
responds to the magnitude of the reference vibration. Here,
even when the magnitude of the reference vibration is
increased so as to generate a larger Coriolis force for the
purpose ol increasing the sensitivity, the positional relation-
ship between the axis B and the central line F of the detection
clectrode 7 1s not changed. Accordingly, 1t 1s possible to
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provide a sensor capable of obtaining higher sensitivity with
respect to the angular velocity w and detecting the angular
velocity with higher accuracy.

In a structure other than the structure according to this
example, when the reference vibration 1s generated, the posi-
tional relationship between the rotation axis B and the central
line F of the detection electrode 7 1s changed. In other words,
when the magnitude of the reference vibration 1s increased so
as to generate a larger Coriolis force, the positional relation-
ship between the axis B and the central line F of the detection
clectrode 7 1s correspondingly changed. As a result, an effect,
in which the detection vibration becomes larger according to
the magnitude of the reference vibration, hardly leads to the
improvement of the detection accuracy. This may raise a
problem particularly when the angular velocity 1s intended to
be detected with high accuracy.

Next, considered 1s a case where the angular velocity m 1s
not mput to the sensor, the reference vibrator 2 generates
reference vibration toward the reciprocating rotational vibra-
tion direction about the first rotation axis A as a center, and the
vibration wobble (noise component of vibration) 1s contained
in the reference vibration.

In this example, the detection vibrator 4 has a structure in
which the detection vibrator 4 1s supported so as to be capable
ol performing the reciprocating rotational motion, and hardly

generates vibration 1n a direction other than the reciprocating
rotational vibration direction about the second rotation axis B
as a center. As a result, in a case where few components 1n the
rotational direction about the second rotation axis B as a
center are contained in the vibrational wobbling component
of the reference vibrator 2, the positional relationship
between the reference vibrator 2 and the detection vibrator 4
1s not substantially changed (the relative position 1s main-
tained). In this case, the reference vibrator 2 1s supported from
the peripheral portion by four supporting members 3, which
realizes a structure 1mn which the vibration toward the rota-
tional direction about the second rotation axis B as a center 1s
hardly generated.

Accordingly, the detection unit 7 detects the positional
relationship between the reference vibrator 2 and the detec-
tion vibrator 4, so the vibration wobble of the reference vibra-
tor 2 1s not detected as a signal. As a result, 1t 1s possible to
obtain the displacement amount of the detection vibrator with
respect to the reference vibrator. In other words, 1t 1s possible
to provide an angular velocity sensor in which the accuracy of
the detection signal 1s hardly degraded even when the wob-
bling component of the reference vibrator 2 is present.

Further, 1n this example, as illustrated in FIGS. 1A and 1B,
the reference vibrator 2 1s held by the support member 3 from
the peripheral portion thereof, thereby making 1t extremely
difficult for the reference vibrator 2 to cause the vibration
wobble 1n the rotational direction about the second rotation
axis B as a center. Accordingly, 1t 1s possible to provide an
angular velocity sensor 1n which the accuracy of the detection
signal 1s hardly degraded.

In addition, by employment of the structure of this
example, 1t 1s possible to dispose the detection electrode 7 of
the detection unit without taking into consideration of the
interference due to the vibration wobble of the reference
vibration with respect to the vertical direction of the substrate
1. In a structure other than the structure of this example, 1n
order to avoid a mechanical interference due to the vibration
wobble caused 1n the vertical direction, 1t 1s necessary to make
a distance between the reference vibrator and the detection
clectrode, and the sensitivity of the detection signal with
respect to the angular velocity to be 1input 1s easily degraded.
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In other words, as described above, 1n the structure of this
example, even when the vibration wobble 1s caused in the

reference vibration, the relative positional relationship
between the detection vibrator 4 and the reference vibrator 2
1s not changed. As a result, 1t 1s possible to obtain the dis-
placement amount of the detection vibrator with respect to the
reference vibrator. Accordingly, it 1s possible to provide the
detection electrode 7 disposed on the portion of the reference
vibrator 2, and the detection electrode 7 disposed on the
detection vibrator 4, with a small distance therebetween.
Therefore, 1t 1s possible to take an extremely large value of the
clectrostatic capacity used for detection by the detection unit
7, and obtain an extremely large detection signal. Thus, it 1s
possible to detect the angular velocity o with extremely high
sensitivity. In other words, assuming that the noise 1s con-
stant, a large signal can be detected at the same angular
velocity, so 1t 1s possible to provide an angular velocity sensor
with high accuracy.

As described above, by employment of this example, it 1s
possible to realize a sensor capable of reducing the noise
generated 1n the detection signal by the reference vibration,
and detecting the angular velocity with high accuracy.

EXAMPLE 2

FIGS. 2A, 2B, and 2C are exploded perspective views for
illustrating an angular velocity sensor according to Example
2 of the present mvention. In this example, the direction
(direction of the first rotation axis A) 1n which the reference
vibration 1s generated 1s different from that of Example 1.
Example 2 1s similar to Example 1 except for that point.

As illustrated in FIGS. 2A, 2B, and 2C, the angular velocity
sensor includes the support substrate 1, the reference vibrator
2, the support member 3 for supporting the reference vibrator
2, the detection vibrator 4, the support member 3 for support-
ing the detection vibrator 4, the drive unit 6 for driving the
reference vibrator 2, and the detection unit 7 for detecting
vibration of the detection vibrator 4.

Also i this example, as illustrated 1n FIGS. 2A and 2B, the
reference vibrator 2 includes two separate members. The
structure can be obtained by bonding the portion of the ref-
erence vibrator 2 illustrated 1n FIG. 2B to a lower portion of
the reference vibrator 2 illustrated 1n FIG. 2A, and by further
bonding the support substrate 1 of FIG. 2C to a lower portion
of the bonded support substrate 1.

About the axis A, which 1s 1n parallel with the disc-like
detection vibrator 4, as a center, the reference vibrator 2
generates reciprocating rotational vibration 1n the direction of
the arrow C. The drive unit 6 allows the reference vibrator 2 to
generate reciprocating rotational vibration, as reference
vibration, 1n the direction of the arrow C about the first axis A
as a center. Specifically, on a lower surface of the reference
vibrator 2 of FIG. 2B, there 1s formed the semicircular drive
clectrode 6 (indicated by broken lines) which 1s separated into
two by the straight line 1n parallel with the rotation axis A. In
addition, on the support substrate 1 of FIG. 2C, the semicir-
cular drive electrode 6 which 1s separated into two by the
straight line 1n parallel with the rotation axis A 1s formed 1n
the same manner. Electrostatic attraction 1s generated
between those drive electrodes 6, thereby constituting the
drive unit 6.

In this example, 1n a case where the angular velocity m 1s
input to the sensor about the axis E as a center, the Coriolis
force corresponding to the reference vibration and the mag-
nitude of the angular velocity m 1s generated 1n the direction
of the arrow D. Due to the Coriolis force, the reciprocating
rotational vibration of the detection vibrator 4 i1s generated
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toward the direction of the arrow D about the second rotation
axis B as a center. The principle of the detection by the

detection unit 7 1s as described 1n Example 1.

By employment of this example, 1t 1s possible to realize a
sensor for detecting the angular velocity about the axis E
perpendicular to the flat-plate type detection vibrator 4 with

high accuracy.

EXAMPLE 3

FIGS. 3A and 3B are exploded perspective views for 1llus-
trating an angular velocity sensor according to Example 3 of
the present invention. Example 3 1s different from Example 1
in that the detection vibrator 4 has recessed portions or
through-holes. Example 3 1s similar to Example 1 except for
that point.

Also with regard to the angular velocity sensor employing
this example, there 1s no necessity of taking into consider-
ation of the interference due to the vibration wobble of the

reference vibrator 2. Accordingly, 1t 1s possible to dispose the
portion of the reference vibrator 2 of FIG. 3B and the detec-
tion vibrator 4 with a small distance therebetween. As a result,
in a case where a system for electrostatic capacity detection 1s
used for the detection unit 7, the detection sensitivity obtained
when the same angular velocity w 1s input to the sensor can be
improved to a large extent.

However, when the gap between the reference vibrator 2
and the detection vibrator 4 becomes smaller, there arises a
problem of air damping which inhibits the vibration motion
by an 1nfluence of the air 1n the gap. As a result, a force for
inhibiting the vibration motion of the detection vibrator 4 for
detecting the Coriolis force 1s generated, which reduces the
vibration 1tself for detection by the Coriolis force. Accord-
ingly, depending on the size of the gap or the shape of the
vibrator, while the sensitivity for detecting the electrostatic
capacity 1s increased by disposing the reference vibrator 2
and the detection vibrator 4 with a small distance therebe-
tween, the detection sensitivity 1s degraded by the intluence of
the air damping, which may lead to degradation of the entire
sensitivity. This example includes a structure obtained by
taking that point into consideration.

As 1llustrated 1in FIGS. 3A and 3B, the angular velocity
sensor includes the support substrate 1, the reference vibrator
2, the support member 3 for supporting the reference vibrator
2, the detection vibrator 4, the support member S for support-
ing the detection vibrator 4, the drive unit 6 for driving the
reference vibrator 2, and the detection unit 7 for detecting
vibration of the detection vibrator 4. The angular velocity
sensor according to this example can also be produced by
bonding the portion of the reference vibrator 2 illustrated in
FIG. 3B to a lower portion of the reference vibrator 2 1llus-
trated in FI1G. 3A.

The detection vibrator 4 according to this example has a
plurality of through-holes 10 formed therein. As the detection
vibrator 4 1s more distant from the second rotation axis B, the
through-holes 10 are provided with higher density.

Here, considered 1s the vibration of the detection vibrator 4
for detecting the Coriolis force. When the Coriolis force
corresponding to the angular velocity, which 1s an input from
an outside, 1s generated, the detection vibrator 4 generates
reciprocating rotational vibration about the second rotation
axis B as a center. Here, a point closer to the rotation axis B 1s
represented as U1, and a point distant from the rotation axis B
1s represented as U2. In this case, the detection vibrator 4
generates a larger displacement at the point U2 which 1s
distant from the rotation axis B than at the point U1 which 1s
closer to the rotation axis B. In other words, 1n a case where
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the detection vibrator 4 performs the reciprocating rotational
motion, the point U2 1s more affected by the air damping
caused between the detection vibrator 4 and the portion of the
reference vibrator 2 of FIG. 3B. On the contrary, the point U1
which 1s closer to the rotation axis B 1s less affected by the air
damping because the displacement at the point Ul does not
become too large even when the detection vibrator 4 gener-
ates vibration to a large extent.

In a case where the through-holes 10 are uniformly formed
in the detection vibrator 4, the air damping 1s uniformly
reduced, which makes 1t easy for the detection vibrator 4 to
perform a vertical motion 1n the axial direction of the first
rotation axis A. On the other hand, this example has a struc-
ture 1n which the etlfect of the air damping becomes relatively
large 1n the central portion of the detection vibrator 4, so the
vibration of the detection vibrator 4 1n the vertical direction 1s
hardly generated.

Thus, 1n the structure of this example, the air damping 1s
more reduced by the through-holes 10 at positions apart from
the rotation axis B. In other words, this example has a struc-
ture in which the air damping can be reduced particularly in
an area (area with large displacement) which 1s liable to be
aifected by the air damping (vibration state 1s changed due to
the air resistance) when the detection vibrator 4 generates
reciprocating rotational vibration about the second rotation
axis B as a center.

As described above, according to this example, 1t 1s pos-
sible to distribute the effect of the air damping so that the
detection vibrator 4 easily generate reciprocating rotational
vibration about the second rotation axis B as a center and
hardly perform the vertical motion. For this reason, the detec-
tion vibrator 4 can easily generate desired reciprocating rota-
tional vibration, and hardly generates vibrations other than
the desired one. Accordingly, 1t 1s possible to provide an
angular velocity sensor which 1s high 1n detection sensitivity
and low 1n noise.

On the other hand, by providing the through-holes 10, a
surface area of the detection electrode 7 becomes smaller, so
it 1s expected that the detection sensitivity 1s slightly
degraded. However, 11 each size of the through-holes 10 1s
minute, a reduction rate of the detection sensitivity 1s smaller
than a reduction rate of the surface area. Further, depending
on the size of the through-holes 10, a degree of the influence
of the air damping may be changed. To deal with this, 1n
consideration of the detection sensitivity and the degree of the
influence of the air damping, a size and shape of the through-
holes 10 may be optimized.

In the above-mentioned example, the through-holes 10 are
provided 1n the detection vibrator 4, but may be provided in
other areas. The through-holes 10 may be provided in the area
of the portion of the reference vibrator 2 opposing to the
detection vibrator 4. The detection sensitivity of the angular
velocity o can be increased as a weight of the detection
vibrator 4 becomes larger. As a result, by forming the
through-holes 10 1n the reference vibrator 2, 1t 1s possible to
detect the angular velocity o without reducing the weight of
the detection vibrator 4, that 1s, without degrading the detec-
tion sensitivity.

Further, in both of the mode 1n which the through-holes 10
are provided 1n the area of the detection vibrator 4 and the
mode 1n which the through-holes 10 are provided in the area
of the reference vibrator 2 opposing to the detection vibrator
4, 1t 1s desirable to apply a potential for measurement to the
vibrator which 1s provided with the through-holes 10 and 1s
not provided with the detection electrode 7. As a result, the
potential to be applied 1s increased by the amount of the
sensitivity reduced by providing the through-holes 10,
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thereby enabling distribution of the influence of the air damp-
ing while the detection sensitivity at the detection electrode 7

1s maintained. Accordingly, 1t 1s possible to detect the angular
velocity with high accuracy.

In addition, the through-holes 10 may be provided in both
the area of the detection vibrator 4 and the area of the refer-
ence vibrator 2 opposing to the detection vibrator 4. As a
result, the influence of the air damping can be reduced to a
large extent, and the detection vibrator 4 can more easily
generate reciprocating rotational vibration. Accordingly, 1t 1s
possible to detect the angular velocity with high accuracy.

Further, 1n the case where the through-holes 10 are pro-
vided 1n both the area of the detection vibrator 4 and the area
of the reference vibrator 2 opposing to the detection vibrator
4, 1t 1s desirable to provide the through-holes 10 such that the
through-holes 10 of each of the vibrators are not overlapped
with each other. As a result, 1t 1s possible to distribute the
influence of the air damping without largely degrading the
detection sensitivity. Accordingly, 1t 1s possible to detect the
angular velocity with high accuracy.

Further, 1n the above-mentioned example, the through-
holes 10 are provided in the detection vibrator 4 or in the
reference vibrator 2, the influence of the air damping can be
reduced also by the use of the recessed portions 1nstead of the
through-holes 10. As a result, the recessed portions are more
casily produced than the through-holes. A plurality of
recessed portions may be separated from each others but if a
groove 1s used to laterally connect the recessed portions and
has open ends, the eflect of the air damping can be reduced
more elfectively.

EXAMPLE 4

FIGS. 4A, 4B, and 4C are exploded perspective views for
illustrating an angular velocity sensor according to Example
4 of the present invention. Example 4 1s different from
Example 1 1n that a plurality of detection vibrators are pro-
vided and rotation axes are orthogonal to each other. In asso-
ciation with this, the reterence vibrator includes three annular
portions, and the detection electrode of the detection unit 1s
not provided to the reference vibrator. Example 4 1s similar to
Example 1 except for that point.

Asillustrated in FIGS. 4 A, 4B, and 4C, the angular velocity
sensor includes the support substrate 1, the reference vibrator
2, the support member 3 for supporting the reference vibrator
2, the detection vibrator 4, the support member S for support-
ing the detection vibrator 4, the drive unit 6 for driving the
reference vibrator 2, a second detection vibrator 8, a support
member 9 for supporting the second detection vibrator 8, and
the detection unit 7 for detecting vibration of the detection
vibrator 4 and the second detection vibrator 8.

In this example, as 1llustrated 1n FIGS. 4A, 4B, and 4C, the
reference vibrator 2 includes three separate members. The
angular velocity sensor according to this example can be
produced by bonding the portion of the reference vibrator 2
illustrated 1n FIG. 4A to an upper portion of the reference
vibrator 2 illustrated 1n FIG. 4B, and by further bonding the
portion of the reference vibrator 2 illustrated 1n FIG. 4C to a
lower portion of the reference vibrator 2 illustrated 1in FIG.
4B.

Further, 1n this example, the second detection vibrator 8
and the detection vibrator 4 are stacked 1n the direction of the
first rotation axis A. The second detection vibrator 8 performs
the reciprocating rotational motion in a direction indicated by
an arrow H about a third axis GG, which 1s perpendicular to the
axis A and the axis B, as a center. When the angular velocity
m about the axis I, which 1s 1n parallel with the axis B, 1s input,
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by the generated Coriolis force, the second detection vibrator
8 performs the reciprocating rotational motion about the third
rotation axis G as a center. The reciprocating rotational
motion of the first detection vibrator 4 1s as described in
Example 1. Specifically, the axis E indicates a central axis of
the angular velocity to be detected by the detection vibrator 4.

The detection unit 7 includes the detection electrode on
cach of the detection vibrator 4 and the second detection
vibrator 8. The detection electrode has a shape obtained by
equally dividing a circle by straight lines 1n parallel with the
rotation axis B and the rotation axis G (detection electrodes
W, X, Y, and 7). The detection electrodes X, Y, 7, and W
opposing to each other form, 1n pairs, an electrostatic capac-
ity. Accordingly, the detection unit 7 can detect the electro-
static capacity of each of the detection electrodes X, Y, Z, and
W. By employment of the shape of the detection electrode, 1t
1s possible to detect the reciprocating rotational motion of the
detection vibrator 4 about the second rotation axis B as a
center, and the reciprocating rotational motion of the second
detection vibrator 8 about the third rotation axis (G as a center,
at the same time. Specifically, by calculating a difference
between a value obtained by adding the electrostatic capacity
of the detection electrodes W and X, and a value obtained by
adding the electrostatic capacity of the detection electrodes Y
and 7, it 1s possible to detect the reciprocating rotational
motion of the detection vibrator 4 about the second rotation
axis B as a center. In addition, by calculating a difference
between a value obtained by adding the electrostatic capacity
of the detection electrodes W and Y, and a value obtained by
adding the electrostatic capacity of the detection electrodes X
and Z, it 1s possible to detect the reciprocating rotational
motion of the second detection vibrator 8 about the third
rotation axis G as a center. Further, 1t 1s possible to obtain the
displacement amount of the detection vibrator with respect to
the reference vibrator from the reciprocating rotational
motion thus detected. As a result, the detection principle s the
same as that of Example 1 in which the detection electrode 1s
provided to the portion of the reference vibrator 2.

According to this example, 1t 1s possible to detect a biaxial
angular velocity with the same chip area as that 1n the struc-
ture 1llustrated 1n FI1G. 1A and 1B. Accordingly, it 1s possible
to provide a small sensor capable of detecting the biaxial
angular velocity with high accuracy.

In addition, unlike the structure 1llustrated in FIGS. 1A and
1B, 1n the structure of this example, the reference vibrator 2
and the detection unit 8 do not surround the detection vibrator.
Accordingly, 1t 1s possible to reduce the effect in which the
reciprocating rotational motion of the detection vibrator 1s
inhibited by the air damping.

Further, this example has a symmetric structure (F1G. 1B 1s
a central surface of the symmetric structure) with respect to
the direction of the axis A, so generation of the vibration
wobble 1tself of the reference vibrator can be reduced.
Accordingly, it 1s possible to detect the angular velocity with
higher accuracy.

As 1n Example 3, the detection vibrator 4 or the second
detection vibrator 8 according to this example may be pro-
vided with recessed portions or through-holes 1n the follow-
ing manner. That 1s, the through-holes are provided in the
detection vibrator 4 with a density 1n proportion to a distance
from the second rotation axis B. Further, the through-holes
are provided 1n the second detection vibrator 8 with a density
in proportion to a distance from the third rotation axis G. With
that structure, 1t 1s possible to reduce the influence of the air
damping on the vibration so that the detection vibrator 4 and
the second detection vibrator 8 can easily perform the recip-
rocating rotational motion 1n a desired direction.
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In addition, the through-holes provided in the detection
vibrator 4 and the through-holes provided in the second detec-
tion vibrator 8 are arranged so as not to be overlapped with
cach other. As aresult, 1t 1s possible to reduce the influence of
the air damping on the vibration without largely degrading the
detection sensitivity of the detection electrode.

With the above-mentioned structure, it 1s possible to realize
an angular velocity sensor which 1s reduced 1n size, capable of
detecting the biaxial angular velocity with high sensitivity,
capable of reducing the degradation of the detection sensitiv-
ity due to the air damping, easily generates the vibration in the
detecting direction, and has high sensitivity.

EXAMPLE 5

FIGS. 5A and 3B are exploded perspective views for 1llus-
trating an angular velocity sensor according to Example 5 of
the present invention. Example 5 1s different from Example 1
in that a cross-section of the support member 5 of the detec-
tion vibrator 4 has an X-shape. Example 5 1s similar to

Example 1 except for that point.
FIGS. SA and 5B are similar to FIG. 1 except for the shape

ol a cross-section of the support member 5 of the detection
vibrator 4. FIG. 6 1s a diagram 1llustrating the shape of the
cross-section of the support member 5 of the detection vibra-
tor 4. The cross-section of the support member 5 of the detec-
tion vibrator 4 has the X-shape, and mechanical characteris-
tics thereof are equivalent to those of a structure obtained by
combining multiple plate-shape springs. In FIG. 6, directions
in which each plate-shape spring 1s most liable to be deflected
are indicated by arrows J. The plate-shape springs are
arranged such that the arrows J cross to each other.

When the detection vibrator 4 performs the reciprocating
rotational motion about the second rotation axis B as a center,
deflection 1n the directions of the arrows J 1s circumierentially
generated about the second rotation axis B as a center. In other
words, 1n the reciprocating rotational motion about the sec-
ond rotation B as a center, only the detlection in the directions
in which the support member 5 1s most liable to be detlected
1s generated. As a result, the detection vibrator 4 easily gen-
erates the reciprocating rotational motion about the second
rotation axis B as a center.

On the other hand, when the detection vibrator 4 1s to be
moved 1n a direction other than the direction of the recipro-
cating rotational motion about the second rotation axis B as a
center, since the arrows J cross each other, each plate-shape
spring inhibits the deflection of another plate-shape spring. In
other words, it 1s extremely difficult for the detection vibrator
4 to generate the vibration in the direction other than the
direction of the reciprocating rotational motion about the
second rotation axis B as a center.

By the use of this example, the support member 3 has the
X-shape 1n the cross-section, so the detection vibrator 4 easily
generates reciprocating rotational vibration about the second
rotation axis B as a center. Accordingly, 1t 1s possible to
reduce the vibration in the other directions. As a result, the
magnitude of the detection vibration of the detection vibrator
4 per unit angular velocity 1s increased, and the sensitivity of
the detection for the angular velocity 1s improved. In addition,
the vibration of the detection vibrator 4 other than the refer-
ence vibration and the detection vibration due to the vibration
wobble 1s hardly generated, so the detection noise generated
by the vibrator can be reduced.

As described above, according to this example, 1t 1s pos-
sible to realize the angular velocity sensor which 1s high 1n
detection sensitivity and low 1n noise.
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OTHER EXAMPLES

It 1s possible to obtain a shape of the angular velocity
sensor according to the present invention by the use of the
MEMS. For example, a plurality of substrates are processed
by theuse ofthe MEMS, and the substrates are bonded to each
other, thereby achieving the structure of the angular velocity
sensor. Silicon often used for the MEMS is superior to metal
in normal mechanical characteristics. In addition, 1t 1s pos-
sible to easily obtain a microstructure and a minute gap.
Accordingly, 1t 1s possible to obtain larger reference vibration
with an extremely large Q value, so there 1s a possibility to
realize an angular velocity sensor having high sensitivity.

On the other hand, a difference between physical proper-
ties due to crystal orientations of silicon may affect the
mechanical characteristics. The accuracy of processing of a
thick three-dimensional structure using the MEMS 1s apt to
be lower than that of general mechanical processing. Accord-
ingly, 1n the angular velocity sensor using the MEMS, a
wobble due to the reference vibration is easily generated.

By applying the present invention to the angular velocity
sensor using the MEMS, even when the wobble due to the
reference vibration i1s generated, the noise caused by the
wobble can be reduced. Accordingly, it 1s possible to realize
an angular velocity sensor which 1s low in noise caused by the
wobble due to the reference vibration and with high accuracy,
by the use of silicon or the like, while maintaining the char-
acteristic of the high sensitivity. In addition, when a detecting
technique using the electrostatic capacity 1s applied to detec-
tion unit 7, there 1s no need to consider the mechanical inter-
terence due to the vibration wobble, so 1t 1s possible to pro-
vide the electrodes with a small distance therebetween and
provide a small gap by the use of the MEMS. Accordingly, 1t

1s possible to provide an angular velocity sensor having
higher sensitivity and higher accuracy.

As described above, the present mvention can solve the
problems of the angular velocity sensor using the MEMS, and
can provide an angular velocity sensor with higher accuracy.
In addition, the object to be detected by the detection unit
according to the present invention 1s the displacement amount
ol the detection vibrator with respect to the reference vibrator.

In the above-mentioned examples, the electrostatic attrac-
tion generated between the flat-plate electrodes (see FIGS.
2A, 2B, and 2C) or between the nterdigital electrodes (for
example, see FIGS. 1A and 1B) 1s used as the drive unit 6, but
the drive unit 6 1s not limited thereto. Any drive unit can be
used as long as 1t can allow the reference vibrator 2 to generate
reference vibration 1n a desired direction.

Further, in many of the above-mentioned examples, the
semicircular detection electrode of the detection unit 7 1s
provided on the reference vibrator, but the structure is not
limited thereto. The detection electrode may be provided on
the detection vibrator 4 (or on the second detection vibrator
8).

In the examples, through detection of the change of the
clectrostatic capacity between the parallel electrodes, the
detection unit 7 detects the displacement amount of the detec-
tion vibrator with respect to the reference vibrator, but the
structure 1s not limited thereto. Any unit can be used as long
as 1t can detect the motion about the rotation axis of the
detection vibrator. For example, while the sensitivity 1is
degraded as compared with the case of the detection by the
clectrostatic capacity, 1t 1s possible to adopt a mode 1n which
a strain detection unit 11 including a piezoelectric using a
piezoelectric elfect or a piezoelectric element using a piezo-
clectric effect 1s provided for the support member of the
detection vibrator, as shown in FIG. SA.
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Further, in the example, the reference vibrator, the detec-
tion vibrator, and the support members are structured as 1llus-
trated 1n the drawings, but the structures thereof are not lim-
ited thereto. Any structure can be employed as long as 1t
enables the reference vibrator and the detection vibrator to
perform reciprocating rotation about a desired different axis
as a center. For example, 1t 1s possible to employ a structure 1n
which the reference vibrator 1s allowed to generate recipro-
cating rotational vibration by another force as the reference
vibration generation unit, while the reference vibrator 1s levi-
tated by an electrostatic levitation method or a magnetic
levitation method.

The angular velocity sensor according to the present inven-
tion 1s capable of detecting an angular velocity with higher
accuracy. Accordingly, by the use of the angular velocity
sensor according to the present invention, 1t 1s possible to, for
example, realize a posture detection device and a posture
control device with high accuracy. Here, the posture detection
device can be used for, for example, detection and correction
of blurring due to hand shake of a camera, and car navigation.
In addition, the posture control device can be used for, for
example, a robot having a posture control function.

By employment of the structure of the angular velocity
sensor according to the present invention, 1t 1s possible to
reduce noise generated 1n a detection signal by the reference
vibration. Accordingly, 1t 1s possible to provide a sensor for
detecting an angular velocity with high accuracy.

Specifically, also 1n a case where the reference vibrator has
a vibrational component (vibrational wobbling component)
other than the reference vibration, it 1s possible to reduce the
noise generated 1n the detection signal. By employment of the
structure of the present invention, 1n the detection umit, the
reciprocating vibrational component or the vibrational wob-
bling component of the reference vibration 1s hardly detected
(the above-mentioned cause (1) 1s overcome), so the noise 1n
the detection signal can be reduced. In addition, for example,
when the angular velocity 1s not mput to the sensor, 1t 1s
possible to suppress generation of the vibration of the detec-
tion vibrator due to the wobble of the reference vibration (the
above-mentioned cause (2) 1s overcome). Accordingly, the
noise 1n the detection signal can be reduced.

While the present invention has been described with refer-
ence to exemplary embodiments, it 1s to be understood that
the 1nvention 1s not limited to the disclosed exemplary
embodiments. The scope of the following claims 1s to be
accorded the broadest mterpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2006-216694, filed Aug. 9, 2006, which 1s
hereby incorporated by reference herein in 1ts entirety.

The mvention claimed 1s:

1. An angular velocity sensor comprising:

a support substrate;

a reference vibrator supported from a peripheral portion by

a first support member formed on the support substrate
sO as to generate reciprocating rotational vibration about
a first rotation axis as a center;

a detection vibrator supported from a peripheral portion by
a second support member formed on the reference vibra-
tor so as to generate reciprocating rotational vibration
about a second rotation axis, which 1s different from the
first rotation axis, as a center:;

a reference vibration generating unit constructed to allow
the reference vibrator to generate reciprocating rota-
tional vibration; and

a detection unit coupled to the reference vibrator con-
structed to detect a relative displacement amount of the
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detection vibrator with respect to the reference vibrator,
which 1s 1n association with the reciprocating rotational
vibration of the detection vibrator, wherein the detection
unit includes a unit for detecting an electrostatic capac-
ity between the reference vibrator and the detection
vibrator.
2. The angular velocity sensor according to claim 1,
wherein the second support member has an X-shape 1n cross-
section.

3. The angular velocity sensor according to claim 1,
wherein the first rotation axis and the second rotation axis are

orthogonal to each other.

4. The angular velocity sensor according to claim 3,
wherein:

the detection vibrator has a flat-plate shape; and

the first rotation axis 1s perpendicular to a plane of the
detection vibrator when the detection vibrator 1s placed
at a neutral position.

5. An angular velocity sensor comprising;:

a support substrate;

a reference vibrator supported from a peripheral portion by
a first support member formed on the support substrate
S0 as to generate reciprocating rotational vibration about
a first rotation axis as a center:

a detection vibrator supported from a peripheral portion by
a second support member formed on the reference vibra-
tor so as to generate reciprocating rotational vibration
about a second rotation axis, which 1s different from the
first rotation axis, as a center:;

a reference vibration generating unit constructed to allow
the reference vibrator to generate reciprocating rota-
tional vibration; and

a detection umt coupled to the reference vibrator con-
structed to detect a relative displacement amount of the
detection vibrator with respect to the reference vibrator,
which 1s 1n association with the reciprocating rotational
vibration of the detection vibrator, wherein the reference
vibrator and the detection vibrator are disposed so as to
have an opposing surface, and at least one of the refer-
ence vibrator or the detection vibrator has a through-
hole or a recessed portion on the opposing surface.

6. The angular velocity sensor according to claim 5,
wherein the through-hole or the recessed portion 1s provided
such that anumber of the through-hole or the recessed portion
becomes larger as distance between the through-hole or the
recessed portion and the second rotation axis becomes larger.

7. The angular velocity sensor according to claim 5,
wherein the first rotation axis and the second rotation axis are
orthogonal to each other.

8. The angular velocity sensor according to claim 7,
wherein:

the detection vibrator has a flat-plate shape; and

the first rotation axis 1s perpendicular to a plane of the
detection vibrator when the detection vibrator 1s placed
at a neutral position.

9. The angular velocity sensor according to claim 5,
wherein the detection unit includes a strain detection unit
including one of a piezoresistor or a piezoelectric element
which 1s provided to a support portion for supporting the
detection vibrator.

10. An angular velocity sensor comprising:

a support substrate;

a reference vibrator supported from a peripheral portion by

a first support member formed on the support substrate
S0 as to generate reciprocating rotational vibration about
a first rotation axis as a center:
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a first detection vibrator supported from a peripheral por-
tion by a second support member formed on the refer-
ence vibrator so as to generate reciprocating rotational
vibration about a second rotation axis, which 1s different
from the first rotation axis, as a center:;

a second detection vibrator supported by the reference
vibrator so as to generate reciprocating rotational vibra-
tion about a third rotation axis, which is perpendicular to
the second rotation axis, as a center,

a reference vibration generating unit constructed to allow
the reference vibrator to generate reciprocating rota-
tional vibration;

a detection unit coupled to the reference vibrator con-
structed to detect a relative displacement amount of the
first detection vibrator with respect to the reference
vibrator, which 1s 1n association with the reciprocating
rotational vibration of the first detection vibrator and a
relative displacement amount of the second detection
vibrator with respect to the reference vibrator, which 1s
in association with the reciprocating rotational vibration
of the second detection vibrator.

11. The angular velocity sensor according to claim 10,

wherein the first rotation axis and the second rotation axis are
orthogonal to each other.

12. An angular velocity sensor comprising:

a support substrate;

a reference vibrator supported from a peripheral portion by
a first support member formed on the support substrate
sO as to generate reciprocating rotational vibration about
a first rotation axis as a center:

a first detection vibrator including a detection unit sup-
ported from a peripheral portion by a second support
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member so as to generate reciprocating rotational vibra-
tion about a second rotation axis, which 1s different from
the first rotation axis, as a center;

a second detection vibrator including a detection unit sup-
ported from a peripheral portion by a third support mem-
ber so as to generate reciprocating rotational vibration
about a third rotation axis, which 1s different from the
first rotation axis and the second rotation axis, as a
center;

a reference vibration generating unit constructed to allow
the reference vibrator to generate reciprocating rota-
tional vibration; and

a detection unit constructed to detect a relative displace-
ment amount of the first detection vibrator or the second
detection vibrator with respect to the reference vibrator,
which 1s 1n association with the reciprocating rotational
vibration of the first detection vibrator or the second
detection vibrator,

wherein the first detection vibrator and the second detec-
tion vibrator are configured so as to conduct reciprocat-
ing rotation together with the reference vibrator, about
the first rotation axis as a center.

13. The angular velocity sensor according to claim 12,
wherein each of the first detection vibrator and the second
detection vibrator has four detection electrodes divided into
quarters by a straight line parallel to the second rotation axis
and a straight line parallel to the third rotation axis, and the
four detection electrodes provided at the first detection vibra-
tor and the four detection electrodes provided at the second
detection vibrator are opposite to each other.
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